Background Dislocation after THA continues to be relatively common. Dual mobility sockets have been associated with low dislocation rates, but it remains unclear whether their use in primary THA would not introduce additional complications.
Introduction
THA has been associated with high levels of function, relatively low complication rates, and high survival.
However, with an incidence ranging from 1% to higher than 10% [3] , dislocation has continued to be a matter of concern with functional and financial consequences [6, 30] . As an alternative to standard sockets, Bousquet et al. [4] introduced, in the late 1970s, the tripolar device, a dual mobility socket, for patients at increased risk of postoperative instability. These included patients older than 75 years who had prior hip surgery, with neuromuscular diseases, cognitive dysfunction, and American Society of Anesthesiologists scores of 3 or more [3] . The concept of dual mobility with an increase in the effective femoral head diameter has reduced the dislocation rates in both primary and revision THAs to between 0% and 4% [2, 5, 9, 13, 16, 17, [26] [27] [28] [29] . It has also been used to treat recurrent dislocation, with rates of subsequent dislocation of between 1.7% and 4% [12, 14, 19, 21] . The main cause of failure of the original Bousquet dual mobility socket (Novae-1 1 ; Serf, Décines, France) was loosening of the cementless socket in 3% to 12% of patients at 10 to 22 years [5, 9, 17, [26] [27] [28] [29] . Loosening of the socket has been attributed to the alumina coating of the metal shell providing limited bone on-growth to the socket [18, 31] . Since this early period, a number of cemented and cementless dual mobility designs have emerged in Europe [13, 14, 18, 21, 31] , and some have been recently approved by the FDA. Dual mobility sockets have gained popularity in Europe since the early 2000s, currently representing 1 .
3 of the cementless sockets implanted in France [15] . Most of the existing published literature reported on the original Bousquet design, which has been abandoned due to an unacceptable high loosening rate of the socket [5, 9, 17, [26] [27] [28] [29] . The original Bousquet socket was modified by changing the metal cup to a spherocylindrical design and adding a hydroxyapatite coating on the outer surface. Some surgeons now use these modified dual mobility sockets for the vast majority of the patients, including primary THA. While these designs have been associated with low dislocation rates, it is unclear whether there would be specific complications associated with these unique designs.
We therefore asked whether a current design of a cementless dual mobility socket (1) prevented dislocation after primary THA, (2) provided a pain-free and mobile hip, and (3) showed stable radiographic fixation without producing any unique modes of failure.
Patients and Methods
We retrospectively reviewed 168 patients (168 hips) who had a primary THA using a cementless dual mobility socket between January 2000 and June 2002 at two tertiary centers. During this period, the operating surgeons used a dual mobility socket in all primary THAs. There were 92 women and 76 men with a mean ± SD age of 67 ± 12 years (range, 18-92 years) at the time of index procedure. Their mean BMI was 29 ± 5 kg/m 2 (range, 15-42 kg/m 2 ). The initial diagnosis was primary osteoarthritis in 125 hips, osteonecrosis of the femoral head in 25, femoral neck fracture in 11, posttraumatic osteoarthritis in three, congenital hip dysplasia in two, and inflammatory arthritis in two. Of the 168 patients, 22 died before the minimum 5-year followup, 23 were lost to followup, and four required revision. The remaining 119 patients had complete clinical and radiographic evaluation at the minimum 5-year followup (mean, 6 years; range, 5-8 years). All patients gave informed consent for participation in this study.
All surgeries were performed by one of two authors (HA, BB). All patients received the Tregor 1 (Aston 1 Medical, Saint É tienne, France) cementless dual mobility socket. This device ( Fig. 1 ) consisted of a spherocylindrical CoCr outer shell, double coated with titanium and hydroxyapatite plasma spray, with a highly polished inner surface. This shell articulated with a compression-molded GUR 1 1050 UHMWPE mobile component sterilized with 2.5 Mrad gamma radiation in a vacuum atmosphere. The opening diameter of the polyethylene mobile component was 6.7% smaller than the femoral head, and its minimal thickness ranged from 6.3 to 13 mm for 46-and 62-mm outer diameter shells, respectively. This principle created two articulations: an inner bearing between the femoral head and the insert and an outer bearing between the insert and the shell. The femoral head was captured in the polyethylene component using a snap-fit-type mechanism, which acted as a large unconstrained head inside the metal cup. The thickness of the metal shell was 1.7 mm at the apex and 5.5 mm at the equator. This created a medialization of about 5 mm of the center of rotation of the polyethylene insert when compared with the center of rotation of the metal shell, increasing the stability of the device. No locking ring or other means of constraint was associated. This device was available for use with either a 22.2-or 28-mm-diameter femoral head. We used only 22.2-mm femoral heads, and the mean size of the shell was 54 ± 3 mm (range, 48-62 mm). On the femoral side, all patients had a cementless anatomic stem (Respect 1 ; Aston 1 Medical) made of titanium alloy (TiAl6V4) with a double plasma-sprayed coating of pure titanium and hydroxyapatite in the proximal 1 .
3.
The operative approach for the index operation was posterolateral in all hips. The mobile polyethylene component was snapped on the femoral head using a specifically designed power press and placed into the metal shell. To accommodate for leg length, the surgeon intraoperatively decided on a long-neck option ([ 4 mm) in 53 hips, leaving the base of the Morse taper uncovered, whereas the head completely covered the Morse taper in the remaining 115 hips.
Postoperatively, patients received anticoagulation therapy (enoxaparin, 40 mg/day) for 5 weeks, systemic antibiotics for 48 hours, and NSAIDs (ketoprofen, 100 mg/ day) for 5 days to prevent heterotopic ossification. Immediately after the operation, patients began passive motion exercises of the involved joint with the assistance of a therapist and continued them until active motion of the hip was possible. Patients were free to walk with two supports after 3 days. For all patients, we allowed full weightbearing as tolerated. We took no specific measures to prevent dislocation, including restrictions to mobility.
We evaluated all patients at 6 weeks, 6 months, 1 year, and annually thereafter. The operative surgeon rated hip function using the Merle d'Aubigné [23] grading system. An independent observer (MH) analyzed serial AP radiographs of the pelvis, noting the inclination angle of the cup and the presence and progression of radiolucent lines according to the zones described by DeLee and Charnley [7] . Fixation of the acetabular component was evaluated according to the criteria of Massin et al. [22] . They defined loosening of the socket as cup migration exceeding 3 mm, angular rotation exceeding 3°, or a continuous radiolucent line wider than 2 mm (reflecting the observer's confidence in his or her ability to detect radiolucent lines on plain radiographs). On the femoral side, parameters investigated included the presence and evolution of radiolucent lines in any of the seven zones described by Gruen et al. [10] , reactive lines, cancellous bone densification, and pedestal formation around the tip of the stem. Loosening of the femoral component was evaluated according to the criteria of Engh et al. [8] , whereas subsidence ([ 3 mm) was determined by comparison of two measurements between serial radiographs, as described by Pellegrini et al. [25] . Periprosthetic cystic or scalloped lesions exceeding 2 mm in diameter that were not noted on the immediate postoperative radiographs were defined as osteolysis (we were unaware of studies of interobserver variability to make this assessment).
We performed a survivorship analysis according to the actuarial method on the entire cohort using revision for any reason as the end point. The survival curve was derived from the actuarial life table [24] . We calculated the SD, given as a percentage, and the 95% CI from the data in the life table [24] . We determined differences in proportions of patients having revisions with normal and long necks using a Fisher's exact test. Statistical analysis was performed with StatView 1 statistical software (Version 5.0; SAS Institute, Inc, Cary, NC, USA).
Results
There were no dislocations between the polyethylene insert and the metal. Four dislocations (2%) occurred between the femoral head and the mobile insert (intraprosthetic dislocation) after a mean of 6 ± 2 years (range, 3-7 years) in three women and one man with a mean age of 65 years (range, 50-79 years) (Fig. 2) . The initial diagnosis was primary osteoarthritis in three patients and femoral neck fracture in one patient. These patients experienced slight discomfort in the groin with a mean Merle d'Aubigné score of 15.5. In the four hips with intraprosthetic dislocation, the Morse taper was partially uncovered (Fig. 3) , whereas no case of intraprosthetic dislocation was recorded in the 115 hips with completely covered Morse taper; thus, a higher proportion (p = 0.009) of dislocations occurred in patients with the long neck: four of 53 versus 0 of 115. The capturing area of the revised mobile inserts was grossly deformed and had macroscopic signs of wear (Fig. 4) . These four hips underwent revision requiring femoral head and mobile insert exchange in three hips; the remaining hip underwent revision of the socket, femoral head, and mobile insert because macroscopic scratches were visible on the inner surface of the metal shell. In all four hips, the surgeons used a 28-mm head to fully cover the Morse taper to avoid recurrence of the same complication. The leg length discrepancy was less than 1 cm. At 3-year followup, these hips were well functioning, with no episode of dislocation at the small or large bearing.
The mean Merle d'Aubigné functional hip score increased from 11 ± 3 (median, 11; range, 6-16) preoperatively to 17 ± 1 (median, 17; range, 9-18) at latest followup. The range of flexion was greater than 90°in 104 hips and 75°to 85°in 15 hips. At latest followup, the mean range of flexion of the series was 103°± 16°( median, 100°; range, 70°-130°).
With revision for any reason as the end point, the cumulative survival rate at 7 years was 94.2% ± 5.8% (95% CI, 88.4%-100%). Of the 119 acetabular components, there were no cases of radiolucent lines, osteolysis, reactive lines around the cup, or cup migration. On the femoral side, there was cancellous bone densification in all hips in Zones 1 and 7 on AP radiographs. No case of radiolucent lines at the bone-implant interface was observed, and reactive lines were present in 15 of the 119 (13%) hips in Zones 3, 4, and 5. No femoral component had subsided. No acetabular or femoral component had loosened according to our criteria. Osteolysis was only present as calcar resorption of less than 2 mm in 45 of the 119 (38%) hips. The mean abduction angle of the socket was 45°± 6°(median, 45°; range, 25°-55°).
Discussion
Since Gilles Bousquet and colleagues [4] introduced the dual mobility concept in the late 1970s, combining a lowfriction torque arthroplasty and an ultralarge effective femoral head, this device has become a well-accepted treatment option in Europe for patients at high risk of postoperative instability after primary or revision THA and in the treatment of recurrent dislocation [2, 5, 9, 12-14, 16-19, 21, 26-29] . While the original Bousquet design was abandoned due to an unacceptably high loosening rate of the socket [5, 9, 17, [26] [27] [28] [29] , the concept of dual mobility has reduced the risk of dislocation, and modified designs have provided more reliable secondary cementless fixation of the socket using hydroxyapatite. Accordingly, its indication in France has expanded to currently reach 1 .
3 of the cementless sockets implanted [15] . Some surgeons, including two of us (HA, BB), even proposed the use of dual mobility sockets in all primary and revision THAs, irrespective of particular risk for instability [3] . This attitude is, of course, debatable because of potential polyethylene wear at the large bearing and specific modes of failure of dual mobility sockets. However, even in the absence of risk factors for dislocation, early or late dislocation does occur. It is anticipated the effective largediameter femoral head would eliminate dislocation and might be more forgiving in cases of minor malposition. Our aim was to evaluate the ability of a current cementless dual mobility socket to (1) prevent dislocation after primary THA, (2) grant a pain-free and mobile hip, and (3) provide durable acetabular component radiographic fixation at a minimum 5-year followup, without producing specific modes of failure. Fig. 3 The diagram shows the contact between the rough Morse taper and the mobile polyethylene insert with a long-neck option that leaves the base of the Morse taper uncovered. Fig. 4 The photograph shows a revised mobile polyethylene insert for intraprosthetic dislocation. Gross wear and deformation at the capturing area are visible.
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There were several limitations to our study. First, owing to the retrospective design, 23 of the initial 169 patients were lost to followup. However, this limitation is inherent to all retrospective series, and the status of more than 86% of the patients could be determined. Second, our study was a medium-term study. However, we judged it important to determine whether, after a minimum 5-year followup, cementless fixation of a dual mobility socket using hydroxyapatite would lower the risk of acetabular loosening. In addition, this study emphasized a specific complication of dual mobility sockets, and we believe this information was important to surgeons' practices.
We observed no dislocations in our patients between the polyethylene insert and the metal. This was consistent with other reports (Table 1 ) and further validated the ability of dual mobility sockets to provide THA stability [2, 5, 9, 12-14, 16-19, 21, 26-29] . However, we observed four (2%) dislocations at the inner bearing between the femoral head and the mobile polyethylene component inside the metal shell. This so-called intraprosthetic dislocation was a specific complication of dual mobility socket described by Lecuire et al. [20] with the original Bousquet design. Several authors have reported the incidence of this complication to be from 0% to 5% ( Table 1 ). The mechanism of intraprosthetic dislocation usually included femoral neck to mobile polyethylene insert (third-articulation) impingement, leading to rim fatigue and wear of the insert at the capturing area [1] . Patients complained of a slight and progressive discomfort in the groin and were encouraged to have radiographic analysis performed when such symptoms happened to allow for early revision and avoid metallosis. The diagnosis required careful examination of the AP view of the hip that showed the femoral neck was off-center when compared to the center of the metal shell.
The reported risk factors for intraprosthetic dislocation include a large-diameter femoral neck with an aggressive surface, skirted femoral heads, and a small head-to-neck ratio [20] . None of these established risk factors was present in the current series. The use of a long-neck option that left the base of the Morse taper uncovered in 53 hips was responsible for four dislocations (7.5%). There were no intraprosthetic dislocations when the Morse taper was completely covered. This phenomenon was related to the rough and aggressive surface of the Morse taper. The fact that a long-neck option left the base of the Morse taper uncovered might be specific to its design. We redesigned the Morse taper so that it was fully covered by a 22.2-and 28-mm femoral head with a long-neck option. Periprosthetic ossifications and major intraarticular fibrosis could have also contributed to intraprosthetic dislocation [20] . Additionally, design of the polyethylene insert at the capturing area, shape of the metal shell, and eccentric centers of rotation of the insert and the shell could have played a role in intraprosthetic dislocation. However, to date, no design has shown any advantage over another.
Of the 119 hips, 100 had no pain in the operated hip, and the range of flexion was greater than 90°in 104 hips, with a mean of 106°. These findings were in accordance with other studies using a dual mobility socket [2, 5, 9, 12-14, 16-19, 21, 26-29] and in vitro data [11] .
Radiographic analysis revealed no radiolucent lines on the acetabular and femoral sides. Additionally, no component loosened and no femoral component subsided. These findings were comparable with other studies that evaluated cementless fixation of dual mobility sockets using hydroxyapatite at similar followup [13, 18, 31] .
A current cementless dual mobility socket prevented dislocation at the large bearing after primary THA and provided a pain-free and mobile hip, along with durable radiographic fixation of the acetabular component, at a minimum of 5 years. However, fatigue damage and wear of the mobile insert at the capturing area could have led to intraprosthetic dislocation requiring revision. Surgeons should be aware of this specific complication, and aggressive contact at the femoral neck to mobile insert articulation should be avoided. Two of the authors (HA, BB) continue to systematically use dual mobility sockets in primary THA, using the redesigned Morse taper that is fully covered by the femoral head. Longer-term studies are warranted to assess whether cementless dual mobility sockets could represent a reliable treatment option in primary THA in the absence of risk factors for instability.
